INTRODUCTION
Ribonuclease P (RNase P) is the site-specific endoribonuclease that cleaves leader sequences from pre-tRNAs (see 1, 2 for reviews). Cleavage by RNase P absolutely requires divalent cation, preferably Mg+ + (3) , and produces 3'-hydroxyl and 5'-phosphate ends (4) . Although RNase P is thought to be present in all living cells, the enzyme is best understood in the bacteria Escherichia coli and Bacillus subtilis. In these organisms, RNase P is composed of two subunits, a large (ca. 400 nucleotides) RNA encoded by the rnpB gene (5, 6 ) and a small protein (119 amino acids) encoded by the rnpA gene (7) . Although bacterial RNase P functions as a ribonucleoprotein in vivo, the RNA alone is an accurate and efficient catalyst under the appropriate conditions in vitro (8) . Bacterial RNase P RNA is the only naturally occurring RNA which is known to act catalytically in the sense that each RNA molecule cleaves many substrate molecules.
The purpose of this article is to present the aligned sequences of the currently available bacterial RNA and protein components of RNase P, and to provide an overview of RNase P structure in all organisms. For the purposes of this discussion, the nomenclature for the deepest phylogenetic branches proposed by Woese et al. (9) has been adopted: 'Bacteria' refers to organisms previously known as eubacteria, 'Archaea' to the archaebacteria, and 'Eucarya' to the eucaryotic nuclear lineage. We use the term 'homology' in it's strictest sense: homologous sequences are of common ancestry and function.
RNase P in Bacteria The RNA component of bacterial RNase P varies in size among known examples from ca. 338 to ca. 444 nucleotides in length (the lengths are approximate because the mature 5' and 3' ends of most RNase P RNAs have not been precisely determined). The sequences of RNase P RNA-encoding genes currently are available from five of the eleven major phylogenetic branches (10) of Bacteria: purple bacteria and relatives (including E. coli) (11) (12) (13) (14) (15) (16) , Gram positive bacteria (including B. subtilis) (13, 17) , cyanobacteria (18) , deinococci and relatives (including 7hermus) (19) (20) (21) , and Thermotogales (19, 20) . All of these RNAs have been shown to be catalytically active in vitro (12) . A secondary structure for bacterial RNase P RNA has been proposed on the basis of comparative analyses of these sequences ( Figure 1 ) (12, 13, 19) . The RNase P RNA sequences from representatives of different bacterial groups are highly diverse in sequence (only 35-55% identical) , yet the basic secondary structures of the RNAs are strikingly similar. Most of the structural variation, except in the case of the Bacillus RNA, is length-variation in helical regions of the molecule (22) . The Bacillus structures are significantly altered with respect to the remaining RNase P RNAs; several large insertions and deletions have occurred in otherwise conservative regions of the molecule. It has been hypothesized that at least one of the novel insertions in the Bacillus sequences may compensate structurally for the loss of a long-range pairing elsewhere in the secondary structure (19) . Nevertheless, the phylogenetically preserved regions of the molecule constitute a 'core' structure ( Figure 1 ), a synthetic version of which is catalytically active in vitro (23) .
The protein component of bacterial RNase P is less understood. RNase P protein gene sequences are available from only two species of purple bacteria and three species of Gram positive bacteria (7, (24) (25) (26) (27) . Although important in vivo, the protein component can be supplanted in vitro by high salt concentrations (8, 28) . In the holoenzyme, the role of the protein may be as an electrostatic 'screen', allowing the highly negatively charged RNA enzyme-substrate complex to fold into the catalytic conformation under physiological (low salt) conditions (29) . The abundance of charged residues in RNase P proteins is similar to that of many ribosomal proteins, to which RNase P protein, in a loose sense, may be analogous.
RNase P in Eucarya
The structure of RNase P from eucaryotic nuclei has been examined only in animals (Xenopus and human) (30, 31) and fungi (budding and fission yeasts) (32) (33) (34) . This is a relatively limited sampling of eucaryal diversity (35 (37, 38) . That RNA is a product of the mitochondrial genome, whereas the protein component is derived from the nucleus (38) . The RNA is not catalytically active in the absence of protein (37, 38) . The RNA components vary widely in size (from 140nt to at least 490nt) and they are very low in G+C content (ca. 23% G+C), as is the mitochondrial genome (39, 40) . The extremely high A + U content of these RNAs complicates the analysis of their structure because homologous sequences cannot be clearly identified. Consequently, the use of comparative analysis for identifying secondary structure has been limited. Because of the low sequence complexity, it seems unlikely that the RNA alone contains all the information required for its correct folding. Nonetheless, the few blocks of G+C-containing sequences in the mitochondrial RNase P RNA resemble the most highly conserved sequences in the bacterial RNAs (40) . Although the mitochondrial RNase Ps are inactivated by treatment with micrococcal nuclease (37, 38) , the enzyme from S. cerevisiae mitochondria does not require intact RNase P RNA for activity. The RNA is fragmented during purification and some fragments appear to be entirely absent from purified, active enzyme (41) .
consensus core
Escherichia coli
The RNase P of chloroplasts may be unique in the lack of an RNA component. An RNA has not been found in the chloroplast RNase P, nor is the enzyme activity sensitive to treatment with micrococcal nuclease (42) . The lack of an RNA component also is suggested by the low density of the enzyme, about that of protein-alone, in Cs2SO4 bouyant-density gradients. Moreover, computer (see below) and Southern hybridization (18) searches have failed to identify sequences resembling the bacterial RNase P RNA in the chloroplast genome. If confirmed, the apparent lack of an RNA component in chloroplast RNase P would be surprising; the RNase P of Anacystis nidulans, a cyanobacterium (to which chloroplasts are specifically related), contains a conventional bacterial-type, catalytic RNA (18) . Moreover, the RNase P of Sulfolobus (see below) also has the qualities of resistance to nuclease-digestion and low density, suggesting the absence of RNA, yet it nonetheless contains an RNA element (43, 44) .
RNase P in Archaea The RNase P holoenzymes of the thermophile Sulfolobus and of the extremely halophilic Archaea differ significantly in biochemical properties. The enzyme from Sulfolobus is resistant to micrococcal nuclease treatment and of low density (43, 44) , whereas the RNase P from Haloferax volcanii is sensitive to nuclease and dense in Cs2SO4 gradients (45, 46) . Nonetheless, both enzymes contain RNA components with striking sequence and secondary structure similarities to the bacterial RNase P A   90  100  110   210  220  230  240  250  260  270  280  290  300 GGCUCACGGCAGGAAAA 
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rfrrfrr.r.ri.rr.r.m inrnff n1irArr1 lIAA Af.r.i IrAArA.Arr CArr CJIIrrrCGGGAGACCG-GGA-GCGUICUkGGUCAACCCCAUCCGGU Sulfolobus RNAs cannot be aligned with each other, or to the bacterial RNAs. These RNAs, therefore, also are not included in the alignment. The structure of the bacterial RNase P protein has not been investigated beyond determination of gene sequences. The alignment of the presumptive amino acid sequences is, therefore, based only on maximized sequence similarity. The UWGCG BESTFIT and GAP programs (47) were used to generate the multiple alignments, by iterative pair-wise alignments, which then were compressed manually into a more contiguous alignment (Figure 3) .
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A fundamental difference between the alignments of the RNA and protein subunit sequences that we present must be emphasized; the RNA alignment is based on homology (common ancestry) of sequences, whereas the protein alignment is based on similarity.
SEARCH FOR RNASE P SEQUENCES IN CHLORO-PLAST GENOMES
We have searched the complete chloroplast genome sequences of rice (48) , tobacco (49) , liverwort (50) , and Epiphagus (51), in an attempt to identify bacterial-like RNase P RNA-or proteinencoding sequences. Short, redundant, consensus sequence 'probes' were identified from alignments of the bacterial sequences. In the case of the RNA alignment, the sequences from the enterobacteria were represented only by E. coli and those of the thermotogales only by T. maritima, so that closely related sequences would not monopolize the consensus. Because the dramatic structural changes of the Bacillus RNase P RNAs appear unique to this group (22) , these sequences were likewise omitted from the alignment used in the construction of consensus RNA probes. The UWGCG WORDSEARCH, FASTA, and TFASTA programs (47) were used to search the chloroplast genomes for similarity to the probe sequences. Regions of similarity to the probes were compiled with respect to their relative orientation and sequential order (relative to the bacterial sequence consensus) and by dot-matrix ('dot plot') analysis. No sequences within the chloroplast genome with the potential to encode bacterial-like RNase P RNA or protein subunits were identified. This does not, of course, discount the possibility that bacterial-like RNase P exists in the chloroplast. It is possible that bacterial-like RNase P RNA and protein subunits could be encoded by the nuclear genome and imported into the organelle, or could be so divergent from their bacterial counterparts that they could not be identified on the basis of sequence similarity. Nevertheless, these results strengthen the suggestion (42) that the chloroplast RNase P does not seem to contain a bacterial-like RNA component.
